As increasing the use of pesticides both in number and amount to boost crop production, consumer concerns over food quality and safety with respect to residual pesticides are also continuously increasing. However, there is still lacking of information that can effectively help to remove residual pesticides in foods. In recent years, contaminant removal by gas (or) glow discharge plasma (GDP) attracts great interests on environmental scientists because of its high removal efficiency and environmental compatibility. It was shown to be effective for the removal of some organophosphorus pesticides, phenols, benzoic acid, dyes, and nitrobenzene on solid substrate or in aqueous solution. This work mainly focuses on the removal of wide range of residual pesticides from fresh fruits and vegetables. As for preliminary study, the experiments were carried out to investigate whether GDP can be used as an effective tool for degrading target pesticides or not. With this objective, 60 selected pesticides drop wised onto glass slides were exposed to two types of GDP, dielectric barrier discharge plasma (DBDP) and low pressure discharge plasma (LPDP), for 5 min. Then, they were washed with 2 mL MeCN which were collected and used for determination of remaining concentration of pesticides using LC-MS/MS. Among selected pesticides, degradation of 18 pesticides (endosulfan-total was counted as one pesticide) by GDP could not be examined because control treatments, which were left in ambient environment, of those pesticides recovered less than 70% or even did not recover. However, majority of tested pesticides (42) were degraded by both types of GDP with satisfactory recovery (>80%) of control sample. Pesticides degradation ranged from 66.88% to 100% were achieved by both types of plasma except clothianidin which degradation in LPDP was 26.9%. The results clearly indicate that both types of gas discharge plasma are promising tools for degrading wide range of pesticides on glass substrate.
Introduction
Pesticides are widely used in producing food and feed.
The role of pesticides in modern agriculture is continuously increasing and their contribution to crop protection is also continuously increasing. Pesticides residue may remain in small amount in or on agricultural products and processed foods. As a result, consumers are becoming aware of food quality and safety issues, and are realizing the need to be selective about the foods. Therefore, governments take legislative action to ensure that only safe food of acceptable quality is sold, and that the risk of food-borne health hazards is minimized. To ensure the safety of foods, most governments regulate the maximum level of 11 ORIGINAL ARTICLE / RESIDUE and SAFETY Open Access Triazole  Fungicide  30  Hexaconazole  Triazole  Fungicide  31  Imibenconazole  Triazole  Fungicide  32  Imidacloprid  Neonicotinoid  Insecticide  33  Indoxacarb  Oxadiazine  Insecticide  34  Iprobenfos  Phosphorothiolate  Fungicide  35  Iprodione  Dicarboximide  Fungicide  36  Isoprothiolane  Phosphorothiolate  Fungicide, plant growth regulator  37  Kresoxim-methyl  Oximinoacetate  Fungicide  38  Lufenuron  Benzoylurea  Insecticide, acaricide  39  Metconazole  Triazole  Fungicide  40  Methidathion  Organophosphorus  Insecticide, acaricide  41  Methomyl  Carbamate  Insecticide, acaricide  42  Methoxyfenozide  Diacylhydrazine  Insecticide  43  Myclobutanil  Triazole  Fungicide  44  Pendimethalin  Aniline  Herbicide  45  Phenthoate  Organophosphorus  Insecticide, acaricide  46  Prochloraz  Imidazole  Fungicide  47  Prometryn  Trizine  Herbicide  48  Pyraclostrobin  Strobilurin  Fungicide  49  Pyridaben  -Insecticide, acaricide  50  Pyrimethanil  Anilinopyrimidine  Fungicide  51  Simazine  Trizine  Herbicide  52  Tebuconazole  Triazole  Fungicide  53  Tebufenozide  Diacylhydrazine  Insecticide  54  Tebufenpyrad  Pyrazole  Acaricide  55  Tetraconazole  Triazole  Fungicide  56  Thiacloprid  Neonicotinoid  Insecticide  57  Thiamethoxam  Neonicotinoid  Insecticide  58  Tolclofos-m  Organophosphate  Fungicide  59  Tricyclazole  Reductase  Fungicide  60 Trifloxystrobin Oximinoacetate Fungicide each permitted pesticide residue (MRLs).
However, pesticide residues are still observed in Korea . Consumers' concerns are therefore still increasing regarding food safety issues. For this reason, removal of pesticides residue from market foods becomes a paramount important with respect to food safety.
On the other hand, recently emerging technologies (eg., advanced oxidation processes-AOPs, zerovalent iron-ZVI)
for the removal of pesticides residue are mainly focusing onto residue from soil and water (Min et al., 2009 and Glass, 1972; Hofstetter et al., 2003; Ghauch and Suptil 2000; Satapanajaru et al., 2003) , and are obviously unsuitable to apply for fresh fruits and vegetables due to the necessity to add external elements into reaction media.
The main disadvantage of these techniques for the use in food is the need to add external reagents, which are hazardous to human, into the reaction medium. Moreover, chemical oxidation also often results in incomplete destruction of pesticides molecules and tends to the formation of undesirable by-products (Ikehata and El-Din, 2005) . Among the methods developed so far, ozonation may be the best way for the removal of residual pesticides from fruits and vegetables since it has a long history of investigation for aqueous pesticide degradation (Reynolds et al., 1989; Rice, 1997 (Hickling, 1971; Susanta et al., 1998) . Recent studies have shown that phenols, benzoic acid, aniline, dyes, and nitrobenzene could be effectively degraded by GDP (Liu and Jiang, 2005; Iwasaki M., 1999 and Hu et al., 2001; Wang et al., 2007) .
Degradation of organophosphorus pesticides, parathion, dichlorvos, and omethoate on solid substrate by GDP was also reported (Bai et al., 2010; Bai et al., 2009; Kim et al., 2007) . It is interesting that GDP can provide reductive reaction as reported by Wang and Jiang, 2008 . In their experiment, Cr (Ⅵ) in aqueous solution was reduced to
Cr (Ⅲ) after exposed to GDP for 15 min.
However, to the best of our knowledge, no report reveals the degradation of other pesticides by GDP rather than organophosphates as described above. This field of science is still a gap to be explored not only for the issues of food safety but also for the scientific significances. Since contaminant degradation by GDP is achieved by reactive species in the gaseous phase, this will be safer technology for the removal of residual pesticides from fresh fruits and vegetables. This work will be the first attempt to observe the effectiveness of GDP for degrading wide range of pesticides in agricultural commodities. Moreover, this work will help fulfill the demands of consumers for safe food with acceptable quality.
As for preliminary study, the experiment was conducted to investigate whether GDP can be used as an effective tool for degrading wide range of pesticides or not without using real fruits and vegetables. To this point, target pesticides were selected based on diversity in chemical structures and properties, their wide use in Korea, and potential hazardous effect on human being. List of selected pesticides are shown in Table 1 .
Materials and Methods

Chemicals
Pesticides were purchased from Dr Ehrenstorfer (GmbH), Augsburg, Germany. Solvent acetone and acetonitrile were purchased from Merck (KGaA), Darmstadt, Germany.
LC-MS/MS condition
Precursor ions and product ions were predetermined at scan mode. The fragmentor voltage and collision energy Detail LC-MS/MS conditions for selected pesticides were shown in Table 2 . . Injection port and detector temperature were set at 280℃ and 310℃ respectively.
GC-ECD condition
Post running time was 10 min at 280℃. N 2 was used as carrier gas with flow rate of 1 mLmin -1
. Sample injection was conducted at splitless mode with injection volume of 2 μL.
GDP types and condition
Two types of plasma, dielectric barrier discharge plasma (DBDP) (PL-2011, Plasmalife Co., Incheon, Korea) and low pressure discharge plasma (LPDP) (Cute-B, Femto Science Inc., Hwaseong, Korea) were used in this experiment.
In DBDP, two electrodes were covered by dielectric barriers and glow discharge was created between them when potential differences were provided using 50 kV d. c. Once plasma was created, it flowed from source chamber to process chamber where the substrate was placed. LPDP was operated at the pressure of 3-0.5 torr using 45 mm discharge length and 0.35 Amp current. Oxygen was used as feed gas in both types of plasma.
Experimental Procedure
Effect of GDP type on pesticide degradation for initial concentration of pesticide, concentration at time (t), degradation rate constant, and half-life respectively.
Calculation of degraded pesticide
Pesticide concentration was calculated from detector response to treated samples using standard calibration curve in excel spread sheet. Lowest calibration point was set at limits of detection (LOD) of each pesticide. LOD was set at S/N of 5. Degradation of pesticide was calculated based-on recovery of control sample that was used as initial concentration of pesticide in the following equation:
Where, C t = concentration of pesticide at time (t) C0 = initial concentration of pesticide
Results and Discussion
Effect of plasma type on pesticide degradation
Control sample of some of target pesticides listed in Table 1 , including organophosphorous pesticides, did not recover after 5 min leaving on glass slide at ambient condition. Therefore, their degradation by GDP couldn't be observed as shown in Table 3 .
However, majority of target pesticides (42) showed promising degradation efficiency of GDP giving satisfactory recovery of control sample (> 80%) as can be seen in Degradation of pesticides by GDP may be due to high Although exact degradation mechanism of target pesticides by GDP was not yet observed in this study, it is believed that pesticides degradation was achieved by one of the above mentioned processes. The results of 1 st and 2 nd order kinetics along with regression coefficients and half-life values are reported in Table 5 and 6 respectively. As can be seen in Table 5 and 6, pesticides degradation by DBDP best fitted with 2 nd order kinetics giving correlation coefficients of > 0.78 in all cases. In the case of carbendazim, myclobutanil, and tricyclazole, it was even greater than 0.95. This reveals that degradation of pesticides by DBDP involved more than one reactive species. Unlike DBDP, pesticides degradation by LPDP seemed to follow both 1 st and 2 nd order kinetics. Myclobutanil, tricyclazole, and fludioxonil which degradation was best fitted with 2 nd order kinetics 
Conclusion
According to the results of this experiment, it can be concluded that both types of GDP can be used as promising tools for the degradation of target pesticides. Degradation by DBDP is relatively faster than that by LPDP. Degradation behavior of pesticides differs from type of GDP used. In addition, the mechanism and pathway of degradation could depend not only on the types of GDP also on pesticides itself. Further study is still needed to observe detail mechanism of pesticide degradation by GDP, and degradation of pesticides in real fruit and vegetable samples.
